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METHOD OF MANUFACTURING LIQUID 
EJECTION HEAD AND IMAGE FORMING 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a method of manu 
facturing a liquid ejection head, and an image forming 
apparatus, and more particularly, to a method of manufac 
turing a liquid ejection head and an image forming apparatus 
by Which an ink droplet is ejected from a noZZle by applying 
a pressure change to liquid inside a pressure chamber by 
means of the displacement of a pieZoelectric element formed 
on a diaphragm. 
[0003] 2. Description of the Related Art 
[0004] Inkjet recording apparatuses perform recording by 
ejecting ink droplets from noZZles onto a recording medium, 
While moving a recording head having a plurality of noZZles 
and a recording medium relatively With respect to each 
other, and they have come into broad use due to their loW 
noise during the recording operation, their loW running 
costs, and the fact that they enable images of high quality to 
be recorded onto recording media of various different types. 
The recording head comprises pressure chambers corre 
sponding respectively to the noZZles, ink ?oW channels and 
other components. For example, an ink droplet is ejected 
from a noZZle connected to a pressure chamber by applying 
a pressure change to the ink inside the pressure chamber by 
using a pressure generating device, such as a piezoelectric 
element, or a heat generating element. 
[0005] Until noW, various methods of manufacturing a 
recording head have been proposed. For example, Japanese 
Patent Application Publication No. 2001-191542 discloses a 
method of manufacturing a recording head Which uses a 
silicon substrate. Japanese Patent Application Publication 
No. 2001-191542 describes a method in Which recess sec 
tions are previously formed in the surface of a silicon 
substrate, these recess sections are buried by SiO2 or the like 
forming a sacri?cial layer, the surface of this layer is leveled 
and pieZoelectric devices are formed by patterning, Where 
upon the sacri?cial layer is removed to obtain pressure 
chambers. Japanese Patent Application Publication No. 
2001-191542 identi?es as problems relating to such a 
method, the large time requirement needed in order to 
deposit the sacri?cial layer, the difficulties in leveling the 
sacri?cial layer, and cost issues. According to Japanese 
Patent Application Publication No. 2001 -l 91 542, in order to 
resolve these problems, a portion of the surface of the silicon 
substrate is etched in such a manner that a plurality of 
column-shaped portions remain, the chemical properties of 
the plurality of column-shaped portions are modi?ed and a 
portion of the surface is leveled, a diaphragm and pieZo 
electric elements are formed on the leveled portion of the 
surface, and the plurality of column-shaped portions having 
modi?ed chemical properties are then removed by etching. 
[0006] HoWever, in the method of manufacture described 
in Japanese Patent Application Publication No. 2001 
191542, the column-shaped portions formed in the pre 
scribed regions of the silicon substrate (the pressure cham 
ber and ink supply port forming portions) are removed by 
Wet etching With HF (hydro?uoric acid) after forming the 
diaphragm and pieZoelectric elements. The column-shaped 
portions are formed by creating groove sections by etching 
of the silicon, folloWed by thermal oxidation, and therefore 
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undulations occur in the bottom face of the pressure cham 
bers and the ejection characteristics are degraded. Further 
more, due to differences in the aspect ratio When forming the 
groove sections, micro-loading effects occur due to the 
difference in etching depth (etching rate), and this is liable 
to give rise to surface irregularities (undulations) and non 
uniform depth of the pressure chambers, leading to variation 
in the ejection characteristics betWeen the noZZles. Accord 
ingly, there is a possibility that the quality of the recorded 
image may decline. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been contrived in vieW 
of the aforementioned circumstances, an object thereof 
being to provide a method of manufacturing a liquid ejection 
head, and an image forming apparatus, Whereby a pieZo 
electric element and a pressure chamber can be formed With 
high accuracy. 
[0008] In order to attain the aforementioned object, the 
present invention is directed to a method of manufacturing 
a liquid ejection head, comprising the steps of: forming a 
groove section in a ?rst layer of a substrate including at least 
the ?rst layer and a second layer, the groove section having 
a bottom face constituted by the second layer and being 
formed in a ring shape; forming a protective ?lm on the 
groove section; forming a diaphragm on a surface of the ?rst 
layer Where the groove section is opened; forming a pieZo 
electric element on the diaphragm; forming an opening 
section in the diaphragm so as to expose a portion of a region 
of the ?rst layer surrounded by the groove section; and 
etching the ?rst layer via the opening section so as to form 
a pressure chamber, using the second layer as an etching stop 
layer. 
[0009] In this aspect of the present invention, the dia 
phragm and the pieZoelectric element are formed before 
forming the pressure chamber, and therefore it is possible to 
form the pieZoelectric element With good accuracy, even if 
the diaphragm is thin. In addition, When forming the pres 
sure chamber by means of etching, since the second layer 
acts as an etching stop layer, there are no irregularities in the 
surface of the pressure chamber, and furthermore, since the 
outline shape of the pressure chamber is de?ned With good 
accuracy by means of the groove section formed in the ?rst 
layer before forming the diaphragm, then it is possible to 
form the pressure chamber With good accuracy. 
[0010] Preferably, the substrate is an SOI substrate. 
[0011] In this aspect of the present invention, desirably, an 
SOI substrate is used as the substrate Which forms the 
pressure chamber. The depth of the pressure chamber can be 
set freely in accordance With the thickness of the layer in 
Which the groove section is formed, and furthermore, han 
dling characteristics are also improved. 
[0012] Preferably, the protective ?lm and the diaphragm 
are made of a same material. 

[0013] In this aspect of the present invention, it is possible 
to form the protective ?lm and the diaphragm simulta 
neously, in the same ?lm deposition step, and therefore the 
manufacturing process can be condensed. 
[0014] Preferably, a sectional shape of the groove section 
parallel to a depth direction of the groove section is a tapered 
shaped Which narroWs in Width from an opening side of the 
groove section toWard a bottom face side of the groove 
section. 
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[0015] In this aspect of the present invention, the coverage 
When forming the protective ?lm on the groove section is 
improved. 
[0016] Preferably, a sectional shape of the groove section 
parallel to a depth direction of the groove section comprises 
a radius-shaped end portion on at least one of an opening 
side and a bottom face side of the groove section. 

[0017] In this aspect of the present invention, the air 
bubble removal characteristics of the pressure chamber are 
improved. 
[0018] Preferably, the method of manufacturing a liquid 
ejection head further comprises the step of forming a heater 
electrode in the groove section. 
[0019] In this aspect of the present invention, a heater 
electrode is formed in the groove section formed folloWing 
the outline shape of the pressure chamber, and therefore it is 
possible to adjust the temperature of the pressure chamber. 
[0020] In order to attain the aforementioned object, the 
present invention is also directed to an image forming 
apparatus comprising the liquid ejection head manufactured 
by any one of the above-mentioned methods of manufac 
turing a liquid ejection head. 
[0021] According to the present invention, the diaphragm 
and the pieZoelectric element are formed before forming the 
pressure chamber, and therefore it is possible to form the 
pieZoelectric element With good accuracy, even if the dia 
phragm is thin. In addition, When forming the pressure 
chamber by means of etching, since the second layer acts as 
an etching stop layer, there are no irregularities in the surface 
of the pressure chamber, and furthermore, since the outline 
shape of the pressure chamber is de?ned With good accuracy 
by means of the groove section formed in the ?rst layer 
before forming the diaphragm, then it is possible to form the 
pressure chamber With good accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The nature of this invention, as Well as other 
objects and bene?ts thereof, Will be explained in the fol 
loWing With reference to the accompanying draWings, in 
Which like reference characters designate the same or similar 
parts throughout the ?gures and Wherein: 
[0023] FIG. 1 is a general schematic draWing shoWing a 
general vieW of an inkjet recording apparatus; 
[0024] FIG. 2 is a cross-sectional diagram shoWing an 
approximate vieW of a portion of a recording head; 
[0025] FIGS. 3A to 3] are illustrative diagrams shoWing 
steps of manufacturing a recording head according to a ?rst 
embodiment of the invention; 
[0026] FIGS. 4A to 4] are illustrative diagrams shoWing 
steps of manufacturing a recording head according to the 
?rst embodiment of the invention; 
[0027] FIGS. 5A to SF are illustrative diagrams shoWing 
steps of manufacturing a recording head according to the 
?rst embodiment of the invention; 
[0028] FIGS. 6A and 6B are illustrative diagrams shoWing 
a further method of forming a diaphragm; 
[0029] FIG. 7 is an illustrative diagram shoWing a ?rst 
modi?cation of the ?rst embodiment; 
[0030] FIG. 8 is an illustrative diagram shoWing a second 
modi?cation of the ?rst embodiment; 
[0031] FIG. 9 is an illustrative diagram shoWing a third 
modi?cation of the ?rst embodiment; 
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[0032] FIGS. 10A and 10B are illustrative diagrams shoW 
ing steps of manufacturing a recording head according to a 
second embodiment of the invention; 
[0033] FIGS. 11A to 11H are illustrative diagrams shoW 
ing steps of manufacturing a recording head according to a 
third embodiment of the invention; 
[0034] FIGS. 12A to 12] are illustrative diagrams shoWing 
steps of manufacturing a recording head according to the 
third embodiment of the invention; and 
[0035] FIGS. 13A to 13F are illustrative diagrams shoW 
ing steps of manufacturing a recording head according to a 
fourth embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

[0036] Firstly, an inkjet recording apparatus Which is one 
embodiment of the image forming apparatus according to 
the present invention is described beloW. 
[0037] FIG. 1 is a general schematic draWing shoWing an 
approximate general vieW of the inkjet recording apparatus. 
As shoWn in FIG. 1, the inkjet recording apparatus 10 
comprises: a printing unit 12 having a plurality of recording 
heads 12K, 12C, 12M, and 12Y for ink colors ofblack (K), 
cyan (C), magenta (M), and yelloW (Y), respectively; an ink 
storing and loading unit 14 for storing inks of K, C, M and 
Y to be supplied to the recording heads 12K, 12C, 12M, and 
12Y; a paper supply unit 18 for supplying recording paper 
16; a decurling unit 20 for removing curl in the recording 
paper 16; a suction belt conveyance unit 22 disposed facing 
the noZZle face (ink-droplet ejection face) of the print unit 
12, for conveying the recording paper 16 While keeping the 
recording paper 16 ?at; a print determination unit 24 for 
reading the printed result produced by the printing unit 12; 
and a paper output unit 26 for outputting image-printed 
recording paper (printed matter) to the exterior. 
[0038] In FIG. 1, a magaZine for rolled paper (continuous 
paper) is shoWn as an example of the paper supply unit 18; 
hoWever, more magaZines With paper differences such as 
paper Width and quality may be jointly provided. Moreover, 
papers may be supplied With cassettes that contain cut 
papers loaded in layers and that are used jointly or in lieu of 
the magaZine for rolled paper. 
[0039] In the case of the con?guration in Which roll paper 
is used, a cutter 28 is provided as shoWn in FIG. 1, and the 
continuous paper is cut into a desired siZe by the cutter 28. 
The cutter 28 has a stationary blade 28A, Whose length is not 
less than the Width of the conveyor pathWay of the recording 
paper 16, and a round blade 28B, Which moves along the 
stationary blade 28A. The stationary blade 28A is disposed 
on the reverse side of the printed surface of the recording 
paper 16, and the round blade 28B is disposed on the printed 
surface side across the conveyor pathWay. When cut papers 
are used, the cutter 28 is not required. 

[0040] In the case of a con?guration in Which a plurality 
of types of recording paper can be used, it is preferable that 
an information recording medium such as a bar code and a 
Wireless tag containing information about the type of paper 
is attached to the magaZine, and by reading the information 
contained in the information recording medium With a 
predetermined reading device, the type of paper to be used 
is automatically determined, and ink-droplet ejection is 
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controlled so that the ink-droplets are ejected in an appro 
priate manner in accordance With the type of paper. 
[0041] The recording paper 16 delivered from the paper 
supply unit 18 retains curl due to having been loaded in the 
magazine. In order to remove the curl, heat is applied to the 
recording paper 16 in the decurling unit 20 by a heating 
drum 30 in the direction opposite to the curl direction in the 
magaZine. In this, the heating temperature is preferably 
controlled in such a manner that the medium has a curl in 
Which the surface on Which the print is to be made is slightly 
rounded in the outWard direction. 
[0042] The decurled and cut recording paper 16 is deliv 
ered to the suction belt conveyance unit 22. The suction belt 
conveyance unit 22 has a con?guration in Which an endless 
belt 33 is set around rollers 31 and 32 so that the portion of 
the endless belt 33 facing at least the noZZle face of the 
printing unit 12 and the sensor face of the print determina 
tion unit 24 forms a plane. 
[0043] The belt 33 has a Width that is greater than the 
Width of the recording paper 16, and a plurality of suction 
restrictors (not shoWn) are formed on the belt surface. A 
suction chamber 34 is disposed in a position facing the 
sensor surface of the print determination unit 24 and the 
noZZle surface of the printing unit 12 on the interior side of 
the belt 33, Which is set around the rollers 31 and 32, as 
shoWn in FIG. 1; and a negative pressure is generated by 
sucking air from the suction chamber 34 by means of a fan 
35, thereby the recording paper 16 on the belt 33 is held by 
suction. 
[0044] The belt 33 is driven in the clockWise direction in 
FIG. 1 by the motive force of a motor (not shoWn) being 
transmitted to at least one of the rollers 31 and 32, Which the 
belt 33 is set around, and the recording paper 16 held on the 
belt 33 is conveyed from left to right in FIG. 1. 
[0045] Since ink adheres to the belt 33 When a marginless 
print job or the like is performed, a belt-cleaning unit 36 is 
disposed in a predetermined position (a suitable position 
outside the printing area) on the exterior side of the belt 33. 
Although the details of the con?guration of the belt-cleaning 
unit 36 are not shoWn, examples thereof include a con?gu 
ration in Which the belt 33 is nipped With cleaning rollers 
such as a brush roller and a Water absorbent roller, an air 
bloW con?guration in Which clean air is bloWn onto the belt 
33, or a combination of these. In the case of the con?gura 
tion in Which the belt 33 is nipped With the cleaning rollers, 
it is preferable to make the line velocity of the cleaning 
rollers different than that of the belt 33 to improve the 
cleaning effect. 
[0046] The inkjet recording apparatus 10 can comprise a 
roller nip conveyance mechanism, instead of the suction belt 
conveyance unit 22. HoWever, there is a draWback in the 
roller nip conveyance mechanism that the print tends to be 
smeared When the printing area is conveyed by the roller nip 
action because the nip roller makes contact With the printed 
surface of the paper immediately after printing. Therefore, 
the suction belt conveyance in Which nothing comes into 
contact With the image surface in the printing area is 
preferable. 
[0047] A heating fan 40 is disposed on the upstream side 
of the printing unit 12 in the conveyance pathWay formed by 
the suction belt conveyance unit 22. The heating fan 40 
bloWs heated air onto the recording paper 16 to heat the 
recording paper 16 immediately before printing so that the 
ink deposited on the recording paper 16 dries more easily. 
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[0048] The print unit 12 is a so-called “full line head” in 
Which a line head having a length corresponding to the 
maximum paper Width is arranged in a direction (main 
scanning direction) that is perpendicular to the paper con 
veyance direction (sub-scanning direction). The recording 
heads 12K, 12C, 12M and 12Y forming the print unit 12 are 
constituted by line heads in Which a plurality of ink ejection 
ports (noZZles) are arranged through a length exceeding at 
least one edge of the maximum siZe recording paper 16 
intended for use With the inkjet recording apparatus 10. 
[0049] The recording heads 12K, 12C, 12M, and 12Y 
corresponding to respective ink colors are disposed in the 
order, black (K), cyan (C), magenta (M) and yelloW (Y), 
from the upstream side (left-hand side in FIG. 1), folloWing 
the direction of conveyance of the recording paper 16 (the 
paper conveyance direction). A color print can be formed on 
the recording paper 16 by ejecting the inks from the record 
ing heads 12K, 12C, 12M, and 12Y, respectively, onto the 
recording paper 16 While conveying the recording paper 16. 
[0050] The print unit 12, in Which the full-line heads 
covering the entire Width of the paper are thus provided for 
the respective ink colors, can record an image over the entire 
surface of the recording paper 16 by performing the action 
of moving the recording paper 16 and the print unit 12 
relative to each other in the paper conveyance direction 
(sub-scanning direction) just once (in other Words, by means 
of a single sub-scan). Higher-speed printing is thereby made 
possible and productivity can be improved in comparison 
With a shuttle type head con?guration in Which a recording 
head moves reciprocally in a direction (main-scanning direc 
tion) that is perpendicular to the paper conveyance direction. 
[0051] Although the con?guration With the KCMY four 
standard colors is described in the present embodiment, 
combinations of the ink colors and the number of colors are 
not limited to those. Light inks or dark inks can be added as 
required. For example, a con?guration is possible in Which 
recording heads for ejecting light-colored inks such as light 
cyan and light magenta are added. 
[0052] As shoWn in FIG. 1, the ink storing and loading 
unit 14 has ink tanks for storing the inks of the colors 
corresponding to the respective recording heads 12K, 12C, 
12M, and 12Y, and the respective tanks are connected to the 
recording heads 12K, 12C, 12M, and 12Y by means of 
channels (not shoWn). The ink storing and loading unit 14 
has a Warning device (for example, a display device or an 
alarm sound generator) for Warning When the remaining 
amount of any ink is loW, and has a mechanism for prevent 
ing loading errors among the colors. 
[0053] The print determination unit 24 has an image 
sensor (line sensor and the like) for capturing an image of 
the ink-droplet deposition result of the printing unit 12, and 
functions as a device to check for ejection defects such as 
clogs of the noZZles in the printing unit 12 from the 
ink-droplet deposition results evaluated by the image sensor. 
[0054] The print determination unit 24 of the present 
embodiment is con?gured With at least a line sensor having 
roWs of photoelectric transducing elements With a Width that 
is greater than the ink-droplet ejection Width (image record 
ing Width) of the recording heads 12K, 12C, 12M, and 12Y. 
This line sensor has a color separation line CCD sensor 
including a red (R) sensor roW composed of photoelectric 
transducing elements (pixels) arranged in a line provided 
With an R ?lter, a green (G) sensor roW With a G ?lter, and 
a blue (B) sensor roW With a B ?lter. Instead of a line sensor, 
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it is possible to use an area sensor composed of photoelectric 
transducing elements Which are arranged tWo-dimension 
ally. 
[0055] The print determination unit 24 reads a test pattern 
image printed by the recording heads 12K, 12C, 12M, and 
12Y for the respective colors, and the ejection of each head 
is determined. The ejection determination includes the pres 
ence of the ejection, measurement of the dot siZe, and 
measurement of the dot deposition position. 

[0056] A post-drying unit 42 is disposed folloWing the 
print determination unit 24. The post-drying unit 42 is a 
device to dry the printed image surface, and includes a 
heating fan, for example. It is preferable to avoid contact 
With the printed surface until the printed ink dries, and a 
device that bloWs heated air onto the printed surface is 
preferable. 
[0057] In cases in Which printing is performed With dye 
based ink on porous paper, blocking the pores of the paper 
by the application of pressure prevents the ink from coming 
contact With oZone and other substances that cause dye 
molecules to break doWn, and has the effect of increasing the 
durability of the print. 
[0058] A heating/pressuriZing unit 44 is disposed folloW 
ing the post-drying unit 42. The heating/pressuriZing unit 44 
is a device to control the glossiness of the image surface, and 
the image surface is pressed With a pressure roller 45 having 
a predetermined uneven surface shape While the image 
surface is heated, and the uneven shape is transferred to the 
image surface. 
[0059] The printed matter generated in this manner is 
outputted from the paper output unit 26. The target print 
(i.e., the result of printing the target image) and the test print 
are preferably outputted separately. In the inkjet recording 
apparatus 10, a sorting device (not shoWn) is provided for 
sWitching the outputting pathWays in order to sort the 
printed matter With the target print and the printed matter 
With the test print, and to send them to paper output units 
26A and 26B, respectively. When the target print and the test 
print are simultaneously formed in parallel on the same large 
sheet of paper, the test print portion is cut and separated by 
a cutter (second cutter) 48. The cutter 48 is disposed directly 
in front of the paper output unit 26, and is used for cutting 
the test print portion from the target print portion When a test 
print has been performed in the blank portion of the target 
print. The structure of the cutter 48 is the same as the ?rst 
cutter 28 described above, and has a stationary blade 48A 
and a round blade 48B. 

[0060] Although not shoWn in the draWings, the paper 
output unit 26A for the target prints is provided With a sorter 
for collecting prints according to print orders. 
[0061] The recording heads 12K, 12C, 12M and 12Y 
provided for the respective ink colors have the same struc 
ture, and a reference numeral 50 is hereinafter designated to 
a representative example of these recording heads. 
[0062] Next, the composition of a recording head 50 is 
described beloW. FIG. 2 is a cross-sectional diagram shoW 
ing an approximate vieW of a portion of a recording head 50. 
As shoWn in FIG. 2, the recording head 50 is constituted by 
a noZZle plate 60, a How channel substrate 62 and a 
diaphragm 64, Which are successively stacked. The detailed 
composition of the recording head 50 is described herein 
after, but the How channel substrate 62 is constituted by an 

Mar. 27, 2008 

SOI substrate (a substrate having a three-layer structure) 
comprising a supporting layer (Si), a box layer (SiO2), and 
an active layer (Si). 
[0063] Although not shoWn in the draWings, a plurality of 
ejection ports (noZZles) 51 are formed in a tWo-dimensional 
(matrix) con?guration in the noZZle plate 60, and as shoWn 
in FIG. 2, each noZZle 51 is connected via a noZZle ?oW 
channel 56 to a corresponding pressure chamber 52. The 
pressure chambers 52 are composed by sealing the upper 
surface of groove sections formed in the How channel 
substrate 62, by means of a diaphragm 64, and ink that is to 
be ejected from the noZZles 51 is ?lled into the pressure 
chambers 52. Supply ports 54 for supplying ink to the 
respective pressure chambers 52 are formed in the dia 
phragm 64, and ink is supplied to the pressure chambers 52 
via these supply ports 54, from an ink tank (not illustrated) 
Which forms an ink supply source. 

[0064] Piezoelectric elements 58 are provided on the dia 
phragm 64 at positions corresponding to the pressure cham 
bers 52 (in other Words, at positions opposing the pressure 
chambers 52 via the diaphragm 64). Each of the pieZoelec 
tric elements 58 is composed by sandWiching a pieZoelectric 
body 70, typically a pieZo element, betWeen electrodes (a 
common electrode 72 and an individual electrode 74) pro 
vided on either surface thereof. 

[0065] By means of this composition, When a prescribed 
drive signal is supplied to a pieZoelectric element 58, the 
volume of the pressure chamber 52 changes due to defor 
mation of the diaphragm 64 caused by displacement of the 
pieZoelectric element 58, thereby pressuriZing the ink inside 
the pressure chamber 52 and causing an ink droplet to be 
ejected from the noZZle 51 connected to the pressure cham 
ber 52. 
[0066] Next, a method of manufacturing a recording head 
50 of this kind is described beloW. FIGS. 3A to SF are 
illustrative diagrams shoWing steps for manufacturing a 
recording head. BeloW, each of the steps is described in 
detail With reference to these diagrams. 
[0067] Firstly, as shoWn in FIG. 3A, an SOI substrate 
(three-layer structure substrate) 100, comprising a support 
ing layer (Si) 102, a box layer (SiO2) 104 and an active layer 
(Si) 106, is prepared. The SOI substrate 100 corresponds to 
the How channel substrate 62 in FIG. 2. The thickness of the 
SOI substrate 100 is 50 to 500 (um), and the thicknesses of 
the respective layers are, for example, 100 pm in the 
supporting layer 102, 1 pm in the box layer 104 and 100 pm 
in the active layer 106. The thickness of the active layer 106 
corresponds to the depth H of the pressure chambers 52, and 
the thickness of the supporting layer 102 and the box layer 
104 corresponds to the length L of the noZZle ?oW channel 
56 (see FIG. 2). The thicknesses of the respective layers 
should be decided in accordance With the shape of the 
pressure chambers 52 and the noZZle ?oW channels 56. 
[0068] Thereupon, as shoWn in FIG. 3B, patterning of a 
resist (photosensitive resin) 108 is carried out onto the upper 
surface of the SOI substrate 100 (the side of the active layer 
106). More speci?cally, the folloWing processes are carried 
out in sequence on the Whole surface of the active layer 106: 
resist coating, pre-baking, exposure, development, and post 
baking. The various process conditions should be decided in 
accordance With the type and thickness of the resist. Desir 
ably, the thickness of the resist 108 is decided in accordance 
With the selection ratio of the silicon etching carried out in 
the subsequent step. Instead of such a resist 108, it is also 
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possible to use a hard mask made of an oxide ?lm, a nitride 
?lm, metal, or the like. The patterning of the resist 108 is 
carried out in such a manner that ring-shaped opening 
regions 110 corresponding to the outline shape of the 
pressure chambers 52 are formed in the resist 108. 

[0069] Thereupon, as shoWn in FIG. 3C, dry etching 
(trench etching) is carried out on the active layer 106, from 
the upper surface of the SOI substrate 100, thereby forming 
trench sections (groove sections) 112 in the active layer 106. 
The dry etching is carried out, for instance, by a method 
Which involves etching and protective ?lm formation that 
are carried out repeatedly, or by using a mixed gas of SP6, 
C4138, O2, CHF3, or the like (While forming protective ?lms 
on the side Walls), or the like. In this case, the box layer 104 
functions as an etching stop layer, and therefore only the 
regions of the active layer 106 Which are not covered by the 
resist 108 (in other Words, the regions corresponding to the 
opening regions 110) are removed by etching, and the trench 
sections 112 With a bottom face constituted by the box layer 
104 are formed in the active layer 106. FIG. 3D is a diagram 
shoWing the upper surface of the state in FIG. 3C. As shoWn 
in FIG. 3D, the planar shape of the trench section 112 is the 
same as the planar shape of the resist 110, being a ring shape 
Which folloWs the outline shape of the rectangular pressure 
chamber 52. After forming the trench sections 112, the resist 
108 is removed by means of an ashing process, or by using 
a special peeling solution. FIG. 3E shoWs a state after 
removal of the resist. 

[0070] Next, as shoWn in FIG. 3F, the patterning of a resist 
114 is carried out onto the loWer surface side (supporting 
layer 102) of the SOI substrate 100. More speci?cally, 
similarly to the method of forming the resist 108 described 
above (see FIG. 3B), the folloWing processes are carried out 
in sequence on the Whole surface of the supporting layer 
102: resist coating, pre-baking, exposure, development, and 
post-baking. The various process conditions should be 
decided in accordance With the type and thickness of the 
resist. Although the planar shape of the resist 114 is not 
shoWn in the draWings, the patterning of the resist 114 is 
carried out in such a manner that opening regions 116 
corresponding to noZZle ?oW channels 56 are formed 
therein. 
[0071] Thereupon, as shoWn in FIG. 3G, dry etching is 
carried out on the supporting layer 102 from the loWer 
surface side of the SOI substrate 100, thereby forming 
groove sections 118 in the supporting layer 102. The dry 
etching in this step is similar to the dry etching method for 
the active layer 106 described above (see FIG. 3C), and 
since the box layer 104 functions as an etching stop layer, 
then only those regions of the supporting layer 102 Which 
are not covered With the resist 114 (in other Words, the 
regions corresponding to the opening regions 116) are 
removed by etching. In this Way, groove sections 118 having 
a bottom surface constituted by the box layer 104 are formed 
in the supporting layer 102. The groove sections 118 corre 
spond respectively to the noZZle ?oW channels 56 (see FIG. 
2). After forming the groove sections 118, the resist 114 is 
removed by means of an ashing process, or by using a 
special peeling solution. FIG. 3H shoWs a state after removal 
of the resist. 

[0072] Thereupon, as shoWn in FIG. 3I, a protective ?lm 
(oxide ?lm) 120 (120A) is formed over the Whole surface of 
the SOI substrate 100, by thermal oxidation. In this process, 
the interiors of the trench sections 112 are buried by the 
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protective layer 120A, Without leaving any gaps. If a gap is 
formed inside each trench section 112 as shoWn in FIG. 3], 
then as shoWn in FIG. 4A, a protective ?lm 120B such as an 
oxide ?lm or a nitride ?lm, or the like, is formed on the 
upper surface side of the SOI substrate 100 using a method 
such as plasma CVD, LPCVD, plasma oxidation, a nitriding 
process, or the like, in such a manner that the interiors of the 
trench sections 112 are buried by the protective ?lms 120A 
and 120B Without creating any gaps. In addition, as shoWn 
in FIG. 4B, it is also possible to form a protective ?lm 120C 
on the upper surface of the SOI substrate 100. The method 
of forming the protective ?lms 120 (120A to 120C) may be, 
for instance, thermal oxidation, P-CVD, LP-CVD, sputter 
ing, vapor deposition, plasma oxidation, a nitriding process, 
or the like, and it is also possible to use a combination of 
these methods. The thickness of the protective ?lm 120 may 
be set as desired. BeloW, a case is described in Which the 
protective ?lm 120 is formed as shoWn in FIG. 3I, but the 
same applies in the case illustrated in FIGS. 4A and 4B. 

[0073] Next, as shoWn in FIG. 4C, the protective ?lm 12011 
on the upper surface of the SOI substrate 100 (in other 
Words, the surface of the active layer 106) is leveled, 
according to requirements. Alternatively, as shoWn in FIG. 
4D, the protective ?lm 12011 on the surface of the active 
layer 106 may be removed completely by the leveling 
process. The leveling method may use polishing, CMP, a 
plasma leveling technique, or the like. BeloW, a case is 
described in Which leveling is carried out as shoWn in FIG. 
4C, but the same applies to the case shoWn in FIG. 4D. 

[0074] Thereupon, as shoWn in FIG. 4E, the protective 
layer 1201) (see FIG. 4C) and the box layer 104 at the bottom 
face of the groove sections 118 are removed by dry etching 
from the loWer surface side of the SOI substrate 100. The 
protective ?lm 12019 on the bottom face of the groove 
sections 118 is thinner than the protective ?lm 1200 on the 
surface of the supporting layer 102, and therefore an etching 
selection ratio can be achieved. In this case, the protective 
layer 120d on the side faces of the groove sections 118 is not 
etched. 

[0075] Next, as shoWn in FIG. 4F, a diaphragm 64 is 
formed on the upper surface side of the SOI substrate 100 
(the side of the active layer 106). More speci?cally, a 
diaphragm 64 is formed by depositing Si, SiO2, or the like, 
by means of sputtering, vacuum deposition, CVD, or the 
like. The diaphragm 64 can be set to any desired thickness 
(?lm thickness). After forming the diaphragm 64, according 
to requirements, an insulating protective ?lm 122 is formed 
so as to cover the diaphragm 64, as shoWn in FIG. 4G For 
example, a protective ?lm 122 is formed by depositing an 
oxide ?lm or a nitride ?lm by means of sputtering, vapor 
deposition, CVD, or another such method. The protective 
?lm 122 can be set to a desired thickness. 

[0076] FIGS. 6A and 6B shoW a further method of forming 
a diaphragm 64. After leveling the protective ?lm 12011 on 
the upper surface of the SOI substrate 100 according to 
requirements, (see FIG. 4C or 4D), a SOI substrate 200 
constituted by a supporting layer (Si) 202, a box layer (SiO2) 
204 and an active layer (Si) 206 is bonded to the upper 
surface side of the SOI substrate 100, as shoWn in FIG. 6A. 
In this case, the substrates are bonded together in such a 
manner that the active layers 106 and 206 face each other. 
The bonding method adopted may be anodic bonding, 
diffusion bonding, room-temperature bonding, or the like. 
Subsequently, by removing the supporting layer 202, the 
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diaphragm 64 including the box layer 204 and the active 
layer 206 is formed, as shown in FIG. 6B. The method used 
to remove the supporting layer 202 may be Wet etching, dry 
etching, polishing, CMP, or the like, and it is also possible 
to use a combination of these methods. Thereupon, similarly 
to the case shoWn in FIG. 4G, an insulating protective ?lm 
122 should be formed, according to requirements, so as to 
cover the diaphragm 64. 
[0077] After forming the diaphragm 64 and forming the 
protective ?lm 122 according to requirements, loWer elec 
trodes (common electrode) 72, pieZoelectric bodies 70, and 
upper electrodes (individual electrodes) 74 are formed suc 
cessively on top of the diaphragm 64 Which is covered by the 
protective ?lm 122, as shoWn in FIGS. 4H to 4]. These 
elements may be formed, for example, by sequentially 
repeating the steps of depositing a prescribed material (an 
electrode material or pieZoelectric material), by sputtering, 
vapor deposition, CVD, or the like, carrying out patterning 
of a resist, and then removing the portions not covered by the 
resist by means of Wet etching, dry etching, or the like. In 
this Way, the pieZoelectric elements 58 each including a 
loWer electrode 72, a pieZoelectric body 70, and an upper 
electrode 74 that are patterned to a prescribed shape, are 
formed on the diaphragm 64 (see FIG. 4]). 
[0078] Thereupon, as shoWn in FIG. 5A, opening sections 
124 are formed in the diaphragm 64, and portions of the 
inside region of the active layer 106 Which are surrounded 
by the ring-shaped trench sections 112 are exposed. More 
speci?cally, by carrying out the following processes in 
sequence: resist coating, pre-baking, exposure, develop 
ment, and post-baking, resist of a prescribed shape is pat 
terned onto the diaphragm 64. As a result, the regions Which 
are not covered With the resist, together With the protective 
?lms 120 and 122 formed on both surfaces of the diaphragm 
64, are removed by dry etching, thereby forming opening 
sections 124 through Which portions of the inside regions of 
the active layer 106 surrounded by the ring-shaped trench 
sections 112 are exposed. The opening sections 124 corre 
spond respectively to the supply ports 54 as shoWn in FIG. 
2. For reference purposes, FIG. 5B shoWs a planar vieW of 
the state shoWn in FIG. 5A. 

[0079] Thereupon, as shoWn in FIG. 5C, an insulating 
protective ?lm 126 made of an oxide ?lm, a nitride ?lm, or 
the like, is deposited by sputtering, vapor deposition, CVD, 
or the like, onto the upper surface side of the SOI substrate 
100, and after patterning a resist thereon, the protective ?lm 
126 is patterned to a prescribed shape by dry etching. In this 
case, the protective ?lm 126 is patterned in such a manner 
that the diaphragm 64 does not assume an exposed state, 
Whereas portions of the active layer 106 does assume an 
exposed state, via the opening sections 124 formed in the 
diaphragm 64. Furthermore, according to need, portions of 
the electrodes 72 and 74 of the respective pieZoelectric 
elements 58 are exposed in order to form electrical connec 
tions. 

[0080] Thereupon, as shoWn in FIG. 5D, etching is carried 
out on the active layer 106 via each of the opening sections 
124, thereby forming the pressure chambers 52. The etching 
method used is an anisotropic etching method, for example, 
plasma etching using SF6 or the like, or gas reaction etching 
using XeF2, or the like. In this case, since the box layer 104 
forms an etching stop layer, the bottom face of the pressure 
chambers 52 does not have surface irregularities (undula 
tions) and therefore the pressure chambers 52 have a uni 
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form depth. Moreover, the outline shape (side faces) of the 
pressure chambers 52 is de?ned accurately by the trench 
sections 112 buried by the protective ?lm 120, and therefore 
it is possible to form pressure chambers 52 With high 
accuracy. 
[0081] Finally, as shoWn in FIG. SE, a separately manu 
factured noZZle plate 60 is bonded to the loWer surface side 
of the SOI substrate 100. The bonding method used may be 
anodic bonding, eutectic bonding, normal temperature bond 
ing, Welding, or the like. The shape of the noZZles 51 formed 
in the noZZle plate 60 is not limited to a tapered shape Which 
narroWs to a ?ne tip toWard the ink ejection side, as shoWn 
in FIG. 5E, and it may, of course, also be a straight shape as 
shoWn in FIG. 5F, for example, or another shape (a curved 
shape, a tapered and straight shape, or the like). In this Way, 
the recording head 50 is completed. 
[0082] In the present embodiment, the cross-sectional 
shape of the trench sections 112 is a straight shape (see FIG. 
3C), but the implementation of the present invention is not 
limited to this. For example, the shapes shoWn in FIG. 7 and 
FIG. 8 are also possible. 
[0083] FIG. 7 is an illustrative diagram shoWing a ?rst 
modi?cation of the ?rst embodiment. As shoWn in FIG. 7, 
the trench sections 112A according to this modi?cation are 
formed in a tapered shape Which broadens in Width toWard 
the opening side. The method of forming these taper-shaped 
trench sections 112A may be a method in Which the silicon 
is etched by repeating the steps of etching and protective 
?lm formation, or a method in Which dry etching is carried 
out by using a mixed gas of SF6, C4F8, O2, CHF3, or the like 
(While forming protective ?lms on the side Walls). If using 
a method based on repeated etching and protective ?lm 
formation, the etching conditions should be varied. In other 
Words, by shortening the etching time, lengthening the 
protective ?lm formation time, or altering the etching con 
ditions (loWering the RF output, changing the pressure and 
gas ?oW), as etching proceeds in the depth direction, the 
etching volume should be reduced as etching proceeds. 
Furthermore, in the case of a method using a mixed gas, if 
using a ?uorine gas such as SF6, and oxygen, or a CF type 
of mixed gas, it is possible to control the angle of taper by 
altering the etching conditions, for instance, by changing the 
gas mixture ratio, changing the applied bias poWer, or the 
like. By adopting taper-shaped trench sections 112A of this 
kind, a merit is obtained in that good coverage is achieved 
When forming the protective ?lms. 
[0084] FIG. 8 is an illustrative diagram shoWing a second 
modi?cation of the ?rst embodiment. As shoWn in FIG. 8, 
the trench sections 112B according to the present modi?ca 
tion are composed With a curved radius shape at both the 
ends on the opening side and the ends on the bottom face 
side opposing the ends on the opening side. Furthermore, it 
is also possible to form either of these end portions With a 
radius shape. The method of forming the trench sections 
112B having end portions composed With a radius shape in 
this Way may be a method in Which the steps of etching and 
forming protective ?lms are repeated, over-etching is imple 
mented to continue the etching process after reaching the 
box layer 104 (etching stop layer), and the notches generated 
in this etching process are used to form radius shapes in the 
end portions on the bottom face side of each trench section 
112B. Furthermore, in the case of the radius shape in the end 
portions on the opening side, if a method is adopted Which 
uses the repeated steps of etching and forming protective 
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?lms, then etching should be carried out under conditions 
Where the amount of etching is increased at the start of 
etching of each trench section 112B. The conditions for 
increasing the amount of etching may include, for instance: 
lengthening the etching time, increasing the How rate of SF6 
gas, or raising the RF poWer. By adopting trench sections 
112B composed in such a manner that at least one of the end 
portions, on either the opening side or the bottom face side, 
has a radius shape, the end portion of the pressure chambers 
52 has a radius shape, and therefore the air bubble expulsion 
characteristics are improved. 
[0085] Furthermore, in the present embodiment, as shoWn 
in FIG. 3D, the planar shape of the ring-shaped trench 
sections 112 is depicted as being a rectangular shape corre 
sponding to the outline shape of the pressure chambers 52 as 
an example, but the implementation of the present invention 
is not limited to this. FIG. 9 is an illustrative diagram 
shoWing a third modi?cation of the ?rst embodiment. As 
shoWn in FIG. 9, the trench section 112C according to the 
present modi?cation has a partially constricted shape, in 
Which the section of large surface area surrounded by the 
trench section 112C corresponds to a pressure chamber, the 
portion of small surface area surrounded by the trench 
section 112C corresponds to a supply port, and the con 
stricted section betWeen these corresponds to a supply 
restrictor. By adopting a trench section 112C of this kind, it 
is possible to form the pressure chamber, the supply port and 
the supply restrictor together in the same operation. 
[0086] According to the method of manufacturing a 
recording head 50 according to the present embodiment, the 
diaphragm 64 and the pieZoelectric elements 58 are formed 
before forming the pressure chambers 52, and therefore it is 
possible to form the pieZoelectric elements 58 to high 
accuracy Without giving rise to Warping of the diaphragm 
64, even if the diaphragm 64 is thin. Furthermore, When the 
pressure chambers 52 are formed by etching of the active 
layer 106, then since the box layer 104 acts as an etching 
stop layer, surface irregularities do not occur in the bottom 
face of each pressure chamber 52 and therefore the pressure 
chambers 52 having a uniform depth can be formed. Fur 
thermore, the outline shapes (side faces) of the pressure 
chambers 52 are de?ned With good accuracy by means of the 
trench sections 112 Which are formed before forming the 
diaphragm 64. Consequently, it is possible to form the 
pressure chambers 52 With good accuracy. 
[0087] Furthermore, by using the SOI substrate 100, it is 
possible to set the depth of the pressure chambers 52 freely 
in accordance With the thickness of the active layer 106, and 
handling characteristics and production yield are improved. 
Moreover, it is also possible to form the noZZle ?oW chan 
nels 56 along With the pressure chambers 52. 
[0088] Furthermore, by selecting the material of the pro 
tective ?lm 120 appropriately, it is also possible to use the 
protective ?lm 120 Which is ?lled into the interiors of the 
trench sections 112, as a protective ?lm having ink resistant 
properties. Furthermore, there is freedom in the selection of 
the material used for the diaphragm 64. 

Second Embodiment 

[0089] Next, a second embodiment of the present inven 
tion is described beloW. BeloW, the parts of the second 
embodiment Which are common to those of the ?rst embodi 
ment are not described, and the explanation focuses on the 
characteristic features of the present embodiment. 
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[0090] FIGS. 10A and 10B are illustrative diagrams shoW 
ing a portion of a method of manufacturing a recording head 
50 according to a second embodiment. In FIGS. 10A and 
10B, the portions Which are the same as FIGS. 3A to SF are 
labelled With the same reference numerals and further 
description thereof is omitted here. In the present embodi 
ment, as shoWn in FIG. 10A, after forming trench sections 
112 in the active layer 106 and forming groove sections 118 
in the supporting layer 102 similarly to the ?rst embodiment 
(see FIG. 3H), a protective ?lm 120, such as an oxide ?lm 
or a nitride ?lm, is formed on the upper surface side of the 
SOI substrate 100 by means of thermal oxidation, plasma 
oxidation, a nitriding process, P-CVD, LP-CVD, or the like. 
In this, in addition to the surface of the active layer 106, the 
interiors of the trench sections 112 are also buried Without 
gaps by the protective ?lm 120. For the protective ?lm 120, 
it is possible to use SiOx, SiNx, SiON, SiCN, SiOC, or the 
like. The protective ?lm 120 may be a single-layer ?lm or a 
multiple-layer ?lm. Subsequently, as shoWn in FIG. 10B, a 
protective ?lm 120, such as an oxide ?lm or a nitride ?lm, 
is formed by a similar method to that described above, on the 
loWer surface of the SOI substrate 100. The sequence of the 
steps in FIGS. 10A and 10B may also be reversed. 
[0091] The protective ?lm 12011 on the surface of the 
active layer 106 functions as the diaphragm 64. Therefore, 
a neW step for forming the diaphragm 64 is not required, and 
it is possible to condense the manufacturing process. The 
steps after formation of the protective ?lm 120 are similar to 
those in the ?rst embodiment. 

Third Embodiment 

[0092] Next, a third embodiment of the present invention 
is described beloW. BeloW, the parts of this embodiment 
Which are common to those of the embodiments detailed 
above are not described, and the explanation focuses on the 
characteristic features of the present embodiment. 
[0093] FIGS. 11A to 11H and FIGS. 12A to 12] are 
illustrative diagrams shoWing a method of manufacturing a 
recording head 50 according to a third embodiment. In 
FIGS. 11A to 11H and FIGS. 12A to 12], the portions Which 
are the same as FIGS. 3A to SF are labelled With the same 

reference numerals and further description thereof is omitted 
here. In the ?rst embodiment, the groove sections 118 are 
formed on the loWer surface, Which is opposite to the upper 
surface of the SOI substrate 100, before forming the dia 
phragm 64 and the pieZoelectric elements 58 on the upper 
surface of the SOI substrate 100, Whereas the present 
embodiment differs from the ?rst embodiment in that the 
groove sections 118 are formed after forming the diaphragm 
64 and the pieZoelectric elements 58. BeloW, the manufac 
ture method according to the present embodiment is 
described With reference to FIGS. 11A to 11H and FIGS. 
12A to 12]. 

[0094] Firstly, as shoWn in FIG. 11A, an SOI substrate 100 
comprising a supporting layer (Si) 102, a box layer (SiO2) 
104 and an active layer (Si) 106, is prepared. The present 
embodiment is described With respect to a case Where the 
supporting layer 102 is composed to a greater thickness than 
in the ?rst embodiment, as an example. 
[0095] Next, as shoWn in FIG. 11B, ring-shaped trench 
sections 112 corresponding to the outline shape of the 
pressure chambers 52 are formed in the active layer 106. The 
concrete forming method is similar to that of the ?rst 
embodiment (see FIGS. 3A to 3E), and after patterning a 
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resist of a prescribed shape on the surface of the active layer 
106, dry etching is carried out using the box layer 104 as an 
etching stop layer, thereby forming ring-shaped trench sec 
tions 112 having a bottom surface constituted by the box 
layer 104, in the active layer 106. 
[0096] Next, as shoWn in FIG. 1C, a protective ?lm 120 is 
formed on the upper surface side of the SOI substrate 100 
(the side of the active layer 106). In this, in addition to the 
surface of the active layer 106, the protective ?lm 120 is also 
formed inside the trench sections 112 Without creating any 
gaps. The method of forming the protective ?lm 120 may 
involve forming a protective ?lm 120 such as an oxide ?lm 
or a nitride ?lm, by means of thermal oxidation, P-CVD, 
LP-CVD, sputtering, vapor deposition, plasma oxidation, a 
nitriding process or the like. Alternatively, it is also possible 
to use a combination of these methods. The thickness of the 
protective ?lm 120 may be set as desired. 

[0097] Next, as shoWn in FIG. 11D, according to require 
ments, the protective ?lm 12011 on the surface of the active 
layer 106 is leveled by means of polishing, CMP, plasma 
leveling, or another method. Alternatively, it is also possible 
to remove all of the protective ?lm 12011 on the surface of 
the active layer 106 by means of the leveling step. 
[0098] Next, as shoWn in FIG. 11E, a SOI substrate 200 
comprising a supporting layer (Si) 202, a box layer (SiO2) 
204 and an active layer 206, is bonded onto the SOI substrate 
100. In this case, the substrates are bonded together in such 
a manner that the active layers 106 and 206 face each other. 
The bonding method adopted may be anodic bonding, 
diffusion bonding, room-temperature bonding, or the like. 
After bonding together the SOI substrate 100 and the SOI 
substrate 200, the supporting layer 202 is removed. The 
method used to remove the supporting layer 202 may be Wet 
etching, dry etching, polishing, CMP, or the like, and it is 
also possible to use a combination of these methods. By 
removing this supporting layer 202, as shoWn in FIG. 11F, 
the box layer 204 and the active layer 206 remaining on the 
upper surface of the SOI substrate 100 form the diaphragm 
64. In the present embodiment, a method is described Which 
forms the diaphragm 64 by using another SOI substrate 200, 
but similarly to the ?rst embodiment, there are also modes 
in Which a diaphragm 64 is deposited on the upper surface 
of the SOI substrate 100 by means of sputtering, vacuum 
deposition, CVD, or another method. 
[0099] As shoWn in FIG. 11G, each of the pieZoelectric 
elements 58 is formed by successively repeating the steps of 
depositing and patterning a loWer electrode (common elec 
trode) 72, a pieZoelectric body 70 and a loWer electrode 
(individual electrode) 74 onto the diaphragm 64. 
[0100] Thereupon, as shoWn in FIG. 11H, opening sec 
tions 124 Which correspond to the supply ports 54 are 
formed in the diaphragm 64, and portions of the inside 
region of the active layer 106 Which are surrounded by the 
ring-shaped trench sections 112 are exposed. The concrete 
method is similar to that in the ?rst embodiment (see FIG. 
5A), the folloWing processes being carried out in sequence: 
resist coating, pre-baking, exposure, development, and post 
baking. Thereupon, as shoWn in FIG. 12A, similarly to the 
?rst embodiment (see FIG. 5C), an insulating protective ?lm 
126, such as an oxide ?lm, nitride ?lm, or the like, is 
deposited and patterned on the upper surface side of the SOI 
substrate 100 (the side of the active layer 106), in other 
Words, on the surface Where the pieZoelectric elements 58 
are formed. 
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[0101] Next, the thickness of the supporting layer 102 is 
reduced, according to requirements, as shoWn in FIG. 12B. 
For example, the thickness of the supporting layer 102 
should be adjusted to a prescribed thickness, by means of 
polishing, etching, CMP, plasma leveling, or another 
method. 
[0102] Next, as shoWn in FIG. 12C, a resist (not illus 
trated) is patterned onto the loWer surface of the SOI 
substrate 100 (the side of the supporting layer 102), as a 
mask, and dry etching is carried out using the box layer 104 
as an etching stop layer, thereby forming the groove sections 
118 Which correspond to noZZle ?oW channels 56. After 
forming the groove sections 118, the resist is removed. 
[0103] Thereupon, as shoWn in FIG. 12D, a protective ?lm 
120 is formed on the loWer surface side of the SOI substrate 
100. The method of forming the protective ?lm 120 involves 
forming the protective ?lm 120, such as an oxide ?lm, 
nitride ?lm, or the like, by means of thermal oxidation, 
plasma oxidation, a nitriding process, P-CVD, LP-CVD, or 
another method. For the protective ?lm 120, it is possible to 
use SiOx, SiNx, SiON, SiCN, SiOC, or the like. The 
protective ?lm 120 may be a single-layer ?lm or a multiple 
layer ?lm. 
[0104] Thereupon, the protective ?lm 12019 and the box 
layer 104 on the bottom face of the groove sections 118, are 
removed by dry etching from the loWer surface side of the 
SOI substrate 100. FIG. 12E shoWs a state after this removal 
step. The protective ?lm 12019 on the bottom face of each 
groove section 118 is thinner than the protective ?lm 1200 
on the surface of the supporting layer 102, and therefore an 
etching selection ratio can be achieved. 
[0105] In this case, the protective layer 120d on the side 
faces of the groove sections 118 is not etched. 
[0106] Instead of the sequence of steps shoWn in FIGS. 
12D and 12E, ?rstly, as shoWn in FIG. 12F, it is also possible 
to remove the box layer 104 at the bottom face of the groove 
sections 118, from the loWer surface side of the SOI sub 
strate 100, to then form a protective ?lm 120 on the loWer 
surface side of the SOI substrate 100, as shoWn in FIG. 12G, 
and ?nally, to remove the protective ?lm 12019 on the bottom 
face of the groove sections 118 by dry etching, as shoWn in 
FIG. 12H. HoWever, the sequence of steps shoWn in FIGS. 
12D and 12E alloWs the protective ?lm 12019 and the box 
layer 104 on the bottom face of the groove sections 118 to 
be removed in the same step, and is therefore desirable in 
that it alloWs the manufacturing process to be condensed. 
[0107] Thereupon, as shoWn in FIG. 12I, etching is carried 
out on the active layer 106 via each of the opening sections 
124, thereby forming pressure chambers 52. The etching 
method used may be an anisotropic etching method, for 
example, plasma etching using SP6 or the like, or gas 
reaction etching using XeF2, or the like. 
[0108] Finally, as shoWn in FIG. 12], by bonding a sepa 
rately manufactured noZZle plate 60 onto the loWer surface 
side of the SOI substrate 100 by means of anodic bonding, 
eutectic bonding, normal temperature bonding, Welding, or 
the like, the recording head 50 is completed. 
[0109] In the method of manufacturing a recording head 
50 according to the third embodiment, the diaphragm 64 and 
the pieZoelectric elements 58 are formed on the upper 
surface side of the SOI substrate 100 (the side of the active 
layer 106), Whereupon the groove sections 118 (Which 
correspond to the noZZle ?oW channels 56) are formed on the 
loWer surface side opposite to the upper surface. Conse 




